This paper analyses the relationship between temporary employment and the intensity of on-the-job informal learning across 20 developed countries. Using microdata from the OECD's PIAAC survey, we estimate an instrumented endogenous switching regression model and find that temporary employees engage in on-the-job learning more intensively than their counterparts in permanent employment. We show that this higher intensity of informal learning does not substitute for temporary workers' lower participation in formal training. Instead, both types of learning are complementary. Heterogeneous-effect analyses suggests that early career expectations of gaining a permanent contract could explain the higher informal learning investments of employees while in a temporary job.
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This paper analyses the relationship between temporary employment and the intensity of on-the-job informal learning across 20 developed countries. Using microdata from the OECD's PIAAC survey, we estimate an instrumented endogenous switching regression model and find that temporary employees engage in on-the-job learning more intensively than their counterparts in permanent employment. We show that this higher intensity of informal learning does not substitute for temporary workers' lower participation in formal training. Instead, both types of learning are complementary. Heterogeneous-effect analyses suggests that early career expectations of gaining a permanent contract could explain the higher informal learning investments of employees while in a temporary job.
Introduction
During the last two decades, temporary employment has increased substantially in many OECD countries ( OECD, 2014 ) . Ideally, on-thejob investments in human capital (i.e. training and learning from experience) in this type of jobs should improve the integration of new entrants or unemployed individuals into the labour market. However, both in public policy and in the economic literature, there is a debate about the opportunities for human capital development associated with temporary contracts ( Arulampalam and Booth, 1998 ; Booth et al., 2002 ; OECD, 2014 ) .
Despite the debate and policy relevance, remarkably little is known about the difference between temporary and permanent employees with respect to the learning content of their jobs. Mainly due to the lack of appropriate data, the empirical literature has thus far been entirely focused on workers' training participation. In line with human capital theory, several empirical studies have provided evidence of a negative relation between temporary contracts and training participation in various countries (e.g. Arulampalam et al., 2004; Cutulli and Guetto, 2013 ) . The empirical question on whether and, if so, to what extend learning Assessment of Adult Competences (PIAAC) survey conducted in 2011 and 2012. This is the first survey that provides detailed internationally comparable measures of workers' skills, job-tasks content and informal learning at work, the latter based on a conceptual framework that considers three modes of informal learning: (1) learning by doing, (2) learning from others, and (3) learning by keeping up-to-date with new products or services.
We contribute to the literature on flexible employment and human capital development in three ways. First, we estimate the extent to which the intensity of informal learning on the job differs between workers with temporary and permanent contracts. In doing so, we raise the issue of potential endogeneity of enrolment in a temporary job due to selection based on unobservable characteristics. We not only include several important and previously neglected control variables in the temporary contracts literature (such as workers' skills, learning attitude and taskjob content) but also implement an endogenous switching regression model (SRM) to correct for the expected negative bias in a naïve ordinary least squares (OLS) estimation. To this end, we exploit the differential exposure of workers of different ages to employment protection legislation (EPL) and potential unemployment, using age-group-by-country information six years prior to the data generation. 2 We obtain consistent estimates by applying the full-information maximum likelihood (FIML) method and show our estimations to be robust. Our main results show that workers in temporary jobs invest more intensively in informal learning than their counterparts in permanent contracts do, although the former are, in line with the empirical human capital literature, less likely, on average, to participate in formal training activities.
Second, we explore the interaction between training and informal learning to analyse whether there is substitution or complementarity between these two types of learning for both temporary and permanent employees. We find evidence of a complementarity relation, regardless of the type of contract, which suggests that the higher informal learning investments of temporary workers do not substitute for the lack of formal training.
Third, we provide marginal treatment effects (MTEs) estimates to analyse the heterogeneity in workers' informal learning along the distribution of their individual unobserved characteristics. This analysis shows whether informal learning outcomes for workers on the margin of a temporary job placement change with the probability of selection into a temporary contract by marginally increasing the corresponding interaction between the unemployment rate and EPL measures we use as selection instruments in our identification strategy. Allowing for this type of heterogeneity reinforces our main finding: There is a consistent difference in on-the-job informal learning between temporary and permanent employees in favour of those who have a temporary contract. Interestingly, this difference is expected to be larger among workers with lower propensities of selection into temporary jobs, that is, those who are likely to have better unobservable characteristics (e.g. ability and motivation).
We also provide additional insights on the possible mechanisms that could explain our main result. To that aim, we perform several heterogeneous-effect analyses taking into consideration different observable individual and job-task content characteristics. In evaluating this heterogeneity, the most important concern is the possibility that firms select workers into temporary contracts due to the different task content of jobs and/or workers' different levels of skills beyond their educational level. This could lead to unobservable differences in learning opportunities by contract type. This kind of problem has been 2 We use male unemployment rates by country as a selection instrument, which vary within countries across five-year age groups. We collected these unemployment data from six years preceding the respondent's interview date to ensure that, first, the current (in sample) and past (in instrument) five-year age groups refer to the same age group but not to the same cohort of individuals and, second, that we use consistent unemployment information prior to the occurrence of the global financial crisis for all employees in our sample.
largely overlooked in the literature on flexible employment. We find that employees with higher levels of numeracy/literacy skills are indeed less likely to have temporary contracts. We also find that workers with jobs that involve tasks of greater skills demand and flexibility have a lower probability of being selected into temporary contracts and are simultaneously more intensively engaged in informal learning. Furthermore, we find some heterogeneity with respect to workers' age and tenure.
Although the PIAAC data do not allow us to identify the particular mechanism driving our main finding, we discuss some heterogeneouseffect analyses in light of the theoretical idea that expectations of transition to permanent employment could be responsible for the stronger incentives to invest in informal learning while in a temporary job. Additional results from a different cross-country dataset at the European level provide descriptive support for this hypothesis.
The remainder of the paper is organised as follows. Section 2 discusses the literature related to our research question. Section 3 presents our model and empirical strategy and discusses the plausibility of the identifying assumptions. Section 4 describes our data. Section 5 presents our main empirical results, and robustness and heterogeneity analyses. Section 6 concludes the paper and discusses its main findings and implications.
Related literature
Studying how temporary contracts influence decisions of investment in informal learning at work in comparison to permanent contracts relates to two strands of economics research. First, the human capital literature on training investments and, second, the stepping-stone or deadend job effects of temporary contracts.
From a theoretical perspective, firms using temporary contracts to adjust the size of their labour force have fewer incentives to invest in the human capital of these employees because of the shorter expected amortisation period. Workers in this situation are also expected to invest less in the accumulation of firm-specific skills. If that is the case, then the pursuit of flexible production by firms could impose negative externalities not only on the skills development of their current flexible workforce but also on their long-term productive capacity due to suboptimal aggregate training investments ( Arulampalam and Booth, 1998 ) . Previous empirical studies have confirmed this negative relation between temporary work and training participation ( Atkinson, 1998; Arulampalam et al., 2004; Steijn et al., 2006; O'Connell and Byrne, 2012; Cutulli and Guetto, 2013 ) . Other studies have shown, however, that employers may invest in the general training of temporary employees due to the existence of labour market imperfections ( Acemoglu and Pischke, 1999 ) or to screen workers according to ability prior to offering a permanent contract ( Autor, 2001 ) .
The latter reference leads us to the related literature on the steppingstone effects of temporary employment. Most research in this field has claimed that on-the-job learning (both training and informal learning) and skills development are probably the main channel through which temporary contracts can offer a path into permanent employment. The odds of transition to a permanent position are believed to increase with the improvement of human capital and the gain of productive experience while in a temporary job ( Autor, 2001; Booth et al., 2002; Gagliarducci, 2005; De Graaf-Zijl et al., 2011; Cockx and Picchio, 2012; Jahn and Pozzoli, 2013; Jahn and Rosholm, 2014 ) . This strand of literature suggests that temporary employment could provide workers with further incentives for investments in on-the-job learning to improve their skills (or offset the deterioration of their human capital while unemployed) and thereby increase their chances of finding a more stable job. Nonetheless, these studies have also noted that, if temporary jobs are recurrent, the stepping-stone prospects decrease and human capital investments are expected to decline. Temporary employment could then become dead-end jobs.
However, due to the lack of appropriate data, little has been done to validate that learning on the job could be an important mechanism to explain the transition probabilities from temporary to permanent employment. Although we do not aim to test for this mobility, we contribute to this literature by analysing the difference in the intensity of informal learning on the job between workers with temporary and permanent contracts, which has not yet been empirically analysed.
In this respect, our study relates to the literature on human capital accumulation, which has explained that, in addition to training participation, workers' human capital development over the life course is also affected by informal learning on the job. Mincer (1974) claims that onthe-job informal learning probably constitutes the major human capital investment in the workplace. In the human capital literature, informal learning has mainly been seen as learning-by-doing or learning through experience. Following the seminal work of Arrow (1962) and Mincer (1974) , years of experience (or tenure) have been considered as a proxy for the unobservable investments in informal learning. However, simply accumulating years of experience assumes that, for any worker, each hour of work is equally effective in improving skills ( Heckman et al., 2002 ) . Quinones et al. (1995) and Tesluk and Jacobs (1998) show that this does not hold, while Maurer and Weiss (2010) show that not everyone is good at learning from experience. Furthermore, firms offer different levels of learning opportunities and jobs differ widely in their learning potential ( Rosen, 1972; Heckman et al., 2002 ) . 3 More recent empirical studies have emphasised that workers are continuously learning by doing and learning from other workers and that such knowledge spill-over has a positive effect on their productivity ( Destré et al., 2008; De Grip et al., 2016 ) . In such settings, workers' human capital increases with tenure and converges towards the job's proficiency level and the firm's job-specific learning potential.
The literature on informal learning has some important implications for our study. First, it suggests that both the direct and indirect costs of investments in training are expected to be higher than those for informal learning since human capital accumulation and labour supply compete for employees' working time when investing in training, while they do not compete in case of learning-by-doing or learning from others ( Heckman et al., 2002 ) . Therefore, the analysis on the relation between training and temporary contracts could not be extended and generalised to informal learning. Second, years of experience and tenure are imperfect variables to provide information on informal learning on the job. Thus, the question whether the intensity of learning on the job differ -and, if so, to what extent -between employees with temporary and permanent contracts still remains.
Model and empirical strategy
Our primary regression equation of interest is
where IL is a continuous variable that measures the on-the-job informal learning intensity of worker i , X is a vector of covariates composed by worker and firm characteristics along with a set of country dummies, and T is a binary indicator of the type of contract (T = 1 for employees on temporary contracts and T = 0 for employees on permanent contracts). For this model, the difference in informal learning between workers with temporary and permanent contracts is measured by the estimate of . However, the binary indicator of the type of contract T i cannot be treated as exogenous because it is potentially based on individual selfselection or selection by employers. Unobservable worker characteristics such as ability and motivation ( Loh, 1994; Mincer, 1997; Autor, 2001; Givord and Wilner, 2015 ) as well as time preferences and risk aversion ( Weiss, 1986; Mincer, 1997; Belzil and Leonardi, 2007; Berton and Garibaldi, 2012 ) could affect both selection into a temporary job and investments in informal learning decision, resulting in biased estimates when using OLS. For instance, if the typical individual selected into temporary contracts has relatively lower ability or stronger time preferences for the present, then the OLS estimate of will underestimate the temporary contract effect. We might expect the bias to also be negative if employers tend to select temporary workers particularly for jobs of, for example, lower skill demand or lesser task complexity. If we feel these hypotheses are correct, then we would argue that underestimates the influence of temporary contracts on on-the-job informal learning.
We account for the endogeneity of temporary job selection by including several important and previously neglected control variables in the temporary contracts literature and estimating an endogenous switching regression model. Following Heckman (1978) , Vytlacil (1999) , and , the more general model is the following. The potential informal learning outcomes (IL 0 , IL 1 ) of the type of contract T = ( 0 1 ) are assumed to depend linearly upon observable variables X and unobservables i , as in Eq. (1) . The temporary contract indicator is modelled as a nonlinear function of observables Z i and unobservables υ and is linked to the observed outcome IL i through the latent variable T * :
Consistent with our previous conjectures, the conditional independence assumption does not hold in these kinds of models. Instead, i and υ are allowed to be correlated by a coefficient and assumed to be jointly normally distributed ( i , v i ) ∼ N (0, Σ) ( Maddala, 1983; Wooldridge, 2010; Greene, 2012 ) . Under these assumptions, the bias caused by the correlation of the type of contract T with omitted variables is addressed by the nonzero expectation of the error term i in Eq. (1) , as follows:
Then, the expected difference in informal learning between temporary and permanent employees is
where = ( − ) and Φ = Φ( − ) , which are the standardised normal density and distribution functions respectively.
The model is identified through exclusion restrictions: first, including at least one instrumental variable in Z that is excluded from the IL Eq. (1) and, second, the nonlinearity of the selection Eq. (2) that provides the temporary contract propensity score p i (Z i ) and thus the correlation between i and υ . For the former, we exploit variation between and within countries in workers' differential exposure to potential unemployment by using the corresponding statistics on unemployment rate by country and age groups as measured six years prior to the survey. Identification thus first requires that the unemployment rate at the agegroup-by-country level induces variation in the probability of having a temporary contract, conditional on all the other covariates. This relation indeed exists in our application (see Section 4.2.4 and Panel B of Table 4 ). Second, the selection instrument (the unemployment rate at t − 6) should be independent of the unobserved component in the IL Eq. (1) and should not directly affect the intensity of informal learning at work, conditional on the observed characteristics X . We establish the admissibility of our selection instrument in Sections 4 and 5 .
To yield consistent and efficient estimates of the ATE, we apply the FIML method that simultaneously fit Eqs. (1) and (2) of our model by minimising the determinant of the covariance matrix associated with the residuals of the reduced form of the equation system. Furthermore, by allowing 0 ≠ 1 and/or σ 2 0 ≠ σ 2 1 and 0 ≠ 1 , where 2 represents the separate variance of i in Σ and , or the separate correlation parameters for permanent and temporary workers, respectively, we can obtain the interacted endogenous SRM in which the impact of observed and/or unobserved characteristics is allowed to vary between workers with permanent and temporary contracts ( Maddala, 1983; Heckman and Vytlacil, 2005; Wooldridge, 2010 ) . Then, model (1) becomes
Since the type of contract may create interaction effects with X i and i , heterogeneous effects of temporary employment on investments in informal learning on the job may result from both observed (differences between X i 0 and X i 1 ) and unobserved personal characteristics (differences between i 1 and i 0 ). This way of expressing the model emphasises our primary interest in , although + ( − X ) 1 is of interest for studying how the ATE changes as a function of observables, that is, to estimate nonconstant treatment effects and ATT ( Wooldridge, 2010 ) . The model also allows us to estimate treatment effect heterogeneity as a function of unobservables U D or MTEs ( Quandt, 1972; Heckman and Vytlacil, 1999 , 2001 , 2005 . This literature shows that the selection probability into temporary contracts given by Eq. (2) , which is the propensity score p i (Z i ), is a valid instrument, given selection on unobservables, and it can be used to identify MTEs. 4 These are, in our case, the average treatment effects for workers on the margin of a temporary job placement, a margin that varies with the unemployment and EPL measures we use as instruments.
The endogenous SRM offers some advantages over the standard instrumental variable (IV) approach. 5 First, the SRM adds more structure to account for the binary nature of our endogenous regressor. If the nonlinear model approximates the conditional expected function of the temporary contract selection better than a linear model, the outcome estimates of informal learning investments will be much more precise than the IV estimator ( Angrist and Pischke, 2009; Wooldridge, 2010 Wooldridge, , 2015 . Second, a continuous selection instrument is suitable for 4 The MTE is the marginal effect of a temporary contract ( T = 1) on informal learning on the job, conditional on X and the unobservables υ from the selection Eq. (2) . In the MTE literature, it is customary to trace out the treatment effect against the percentiles of the distribution of υ, in line with the following transformation of the selection rule in Eq. (2) :
represents the selection probability into a temporary contract, Φ( υ ) = denotes the percentiles of the distribution of the unobservable propensity of being selected into a permanent job. The condition T * > 0 can then be rewritten as ( Z ) > υ . The MTE can then be estimated as the partial derivative of the conditional expectation of IL with respect to the propensity score p i (Z i ), as follows: MTE ( = x , = ) = { | = x , ( ) = }∕ . It is thus the treatment effect for individuals with observed characteristics = x who are at the U D th percentile of the υ distribution, implying these individuals are indifferent between a permanent and a temporary contract when the propensity score p i (Z i ) equals U D . 5 In the standard case of linear endogenous variables, both the SRM and 2SLS methods lead to the same estimator. When the treatment has a nonlinear effect on the outcome or the effect is heterogeneous, however, the methods produce different estimates. Imbens and Wooldridge (2009) conjecture that the SRM estimator is likely much more precise because it solves the nonlinear endogeneity by adding the scalar υ to the regression while keeping the treatment variable in the second stage not only the linear projection as in 2SLS. a binary endogenous regressor, which also facilitates the estimation of MTEs ( Heckman and Vytlacil, 1999; Imbens and Wooldridge, 2009 ). Third, it easily adapts to handle more complicated models, such as heterogeneous-effect models. The IV approach can be quite inefficient relative to the more parsimonious SRM approach in this case. Thus, by allowing the estimation of heterogeneous effects, the SRM can be applied to estimate ATE as well as ATT and MTEs ( Heckman and NavarroLozano, 2004; Angrist and Pischke, 2009; Wooldridge, 2010 Wooldridge, , 2015 . Finally, in contrast to the SRM approach, 2SLS merely provides local ATEs instead of unconditional ATEs that are more policy relevant in the context of our research question.
However, this approach, while likely more efficient than an IV approach, is less robust. The consistency of the FIML estimator of the SRM hinges on the bivariate normality assumption of i and υ ; thus, it is asymptotically efficient if the temporary contract selection Eq. (2) is correctly specified. The better the prediction of selection into a temporary job, the more precise the estimates of the informal learning outcome will be ( Heckman, 1978; Heckman and Vytlacil, 2005; Wooldridge, 2010 ) . Since the benefit of increased precision might be at the cost of a greater chance of misspecification error, we perform various robustness checks of our estimations.
Data and descriptive statistics

Data and sample
We use data from the OECD PIAAC survey, conducted in 2011 and 2012, based on a representative sample of the population of the participant countries. 6 This is a unique dataset that provides, for the first time, internationally comparable measures of informal learning at work, based on a conceptual framework that considers three learning pathways, namely, learning by doing, learning from others, and learning by keeping up-to-date with new products or services. Moreover, this dataset provides information on several worker, job, tasks and employer characteristics.
We restrict our sample to full-time male workers 7 -excluding selfemployed and armed forces employees -aged 17 to 65, not participating in any formal education programme, and who have an employment contract that is not an apprenticeship or other training scheme. The sample consists of 25,853 observations 8 for 20 OECD countries, 9 with 88.2% permanent contracts and 11.8% temporary contracts. The distribution of permanent and temporary contracts in the sample is similar and 6 See OECD (2014b) for further details about data validation. 7 We focus on males due to the higher probability of working career interruptions among women. Temporary jobs could differ in significance between men and women, since women might prefer career flexibility throughout a significant portion of their working lives ( Booth et al., 2002 ) . 8 In Canada, the sample consisted of 5,044 cases, from which we took a random sample of 1,193 cases to reduce bias due to oversampling of the Canadian respondents.
9 Four countries were excluded from our sample: Australia, Cyprus, the Russian Federation, and the United States. Australian data were not available due to confidentiality reasons. OECD statistics for Cyprus were not available. Data from the Russian Federation were preliminary and considered by the OECD (2014b) to not be representative of the population. Finally, the particular characteristics of the US labour market led to a loss of 58% of observations due to employees who stated not having any contract at all. In that case, only 387 nonrandom observations would have remained in our sample, of which 31.3% presumably corresponded to temporary jobs, a percentage very different from the OECD statistic, which estimates only 4.2% temporary employment in the United States. Therefore, our main variable of interest would capture something different in the United States, not comparable to other countries. As shown by the ILO (2010) and the OECD (2006) , due to very low EPL, the distinction between temporary and permanent employment is of much less significance in the United States. This variable takes the lowest value if all three questions were answered 'never' and the highest if all were answered 'every day'. To facilitate the interpretation of results, the variable was standardised. In Table 2 , which presents summary statistics, we observe that practically every person learns something on the job (98% informal learning incidence), with no significant difference by type of contract. Nonetheless, the mean value of informal learning intensity among temporary workers (0.07) is significantly higher than that of permanent employees (0.01). In contrast, we observe that the latter participate significantly more often in formal job-related training.
Explanatory variable
The temporary contract variable is a dummy variable that takes the value one for temporary contracts and zero for permanent contracts. Temporary contracts in our sample include fixed-term positions (90.5%) and agency work (9.5%). 13
Control variables
As suggested by the empirical human capital literature, we control for age, educational level (years of education proxied by the highest level of education obtained), educational mismatch (dummies for overeducation and undereducation), 14 learning attitude, 15 numeracy test score as measured by the PIACC--OECD test, firm tenure, actual weekly working hours, firm size (five categories), occupation (nine ISCO one-digit categories), industry (21 ISIC one-digit categories), year of interview (dummy), and country-fixed effects. Table 2 shows that temporary employees in our sample are generally younger and have fewer years of work experience and tenure than permanent workers. The average test scores in both numeracy and literacy are also shown to be lower among temporary workers. Moreover, among individuals in temporary positions, there is a higher share of overeducated workers and a lower proportion employed in skilled occupations, large firms, and the tertiary sector of the economy. It is worth 13 The variable is derived from the survey question what kind of employment contract do you have? The answer options were (1) an indefinite contract, (2) a fixed-term contract, (3) a temporary employment agency contract, (4) an apprenticeship or other training scheme, and (5) no contract. 14 These dummies are derived from the following question: Thinking about whether this qualification is necessary for doing your job satisfactorily, which of the following statements would be truest? The answer options were (1) this level is necessary, (2) a lower level would be sufficient, and (3) a higher level would be needed. 15 This variable is a standardised index derived by the OECD (labelled learning readiness) from the following questions, all measured on a five-point Likert scale: (1) When I hear or read about new ideas, I try to relate them to real-life situations to which they might apply; (2) I like learning new things; (3) when I come across something new, I try to relate it to what I already know; (4) I like to get to the bottom of difficult things; (5) I like to figure out how different ideas fit together; and (6) if I don't understand something, I look for additional information to make it clearer. This variable was constructed by the OECD based on the work of Kirby et al. (2003) . Learning attitude describes workers' interests in learning and information-processing strategies and it is considered a metacognitive ability that structures the learning process and affects learning efficiency. mentioning that there is no descriptive difference between permanent and temporary employees regarding years of education, undereducation, learning attitude, and working hours.
Selection instrumental variables
To exploit workers' differential exposure to potential unemployment, we use as a selection instrument in our model the annual male unemployment rate six years preceding the respondent's interview date, 16
Fig. 1. Correlation graphs between unemployment rate and temporary contracts
This figure shows the correlation between the share of temporary contracts and the unemployment rate six years before, by corresponding country and age group. Each graph is a binned scatterplot of 100 bins. Linear estimation is shown, after controlling for age and country-fixed effects.
The unemployment rate is a relevant selection instrument for the individual probability of having a temporary contract. Unemployment measures have been shown to be correlated with the subsequent incidence of temporary employment ( Wasmer, 1999; Holmlund and Storrie, 2002; Virtanen et al., 2005; Kahn, 2010 ) . 17 The average likelihood that workers will be employed in temporary jobs increases with relatively high unemployment rates. This is expected, since temporary jobs have been promoted as a mechanism to improve the labour market integration of the unemployed ( Gagliarducci, 2005; Gebel, 2013 ) and because a higher unemployment rate often means a risk for the active working population and job seekers that reduces the chances of finding more stable employment ( European Commission, 2010 ) . If employment prospects are tight, workers anticipate scarce opportunities in the labour market; therefore, the probability of accepting temporary contracts is higher (Abraham, 1990; Holmlund and Storrie, 2002; Givord and Wilner, 2015 ) . Moreover, if there is excess supply in the labour market, firms are more willing to make use of temporary contracts as a low-cost short-run buffer or as a probationary period ( Wasmer, 1999; Gagliarducci, 2005; Givord and Wilner, 2015 ) . 18 Temporary employment then involves more employable individuals who could have had permanent contracts if the economic conditions had been better and vice versa ( Wasmer, 1999; Givord and Wilner, 2015 ) . Table 2 shows that the average value of the unemployment rate six years prior to the respondent's interview date is three percentage points higher for the group of temporary workers than for the permanent employees in our sample. We find that the national unemployment rate by age has a significant Pearson's correlation of 0.57 with the temporary contract dummy of our sample. Fig. 1 shows this positive correlation, after controlling for age and country-fixed effects. To confirm that the positive correlation is not fully determined by the extremely high un- 17 Transitions from unemployment to temporary or permanent employment and from temporary to permanent contracts are likely to depend on the labour market's structure. If the pool of unemployed is large, transition rates from unemployment into temporary jobs are higher than the flow from unemployment to permanent jobs ( Wasmer, 1999, Holmlund and Storrie, 2002 ) . Similarly, if the unemployment rate is high, the probability that a temporary contract is converted into a permanent contract is lower ( Wasmer, 1999, Givord and Wilner, 2015 ) . 18 The greater value of hiring a worker with a temporary contract comes from the employer's right to dismiss unproductive or mismatched workers at a lower cost. In Wasmer's (1999) model, if the unemployment rate is relatively high, firms use more temporary contracts, and accordingly, the effect of a higher unemployment rate is to increase the share of temporary jobs. employment rates, the left-hand graph excludes unemployment rates higher than 15%, and the right-hand graph, the rates higher than 10%. In Section 5 , we formally confirm the existence, statistical significance and robustness of this correlation in our SRM application.
Since the exogeneity of our selection instrument cannot be tested, it could be questioned if unemployment rates at the age-group-by-country level would affect workplace informal learning at the individual level six years later -due to a link with unobserved confounding factors. The first questioning seems to be obviously related to the type of contract an employee has: If workers are aware that the past unemployment rate was relatively high for their equivalent age group, they might face tenure uncertainty that might encourage them to invest more in on-thejob learning. However, this job tenure uncertainty mainly depends on whether the job contract is permanent or temporary.
Alternatively, the exogeneity of the unemployment rate could be questioned on the basis of an indirect link with some individual or job characteristics that are omitted from Eq. (1) . This should, however, not be a concern in our setting for at least two reasons. First, we are able to take account of previously neglected control variables in the temporary contracts literature, including a large set of job task-content characteristics and some further individual characteristics. Second, several studies on individuals' preferences have shown that adults' preferences at the individual level are highly stable and correlated over time and that any remaining instability is largely attributable to measurement error ( De Oliveira et al., 2012; Meier and Sprenger, 2015; Chuang and Schechter, 2015; Hardardóttir, 2017 ) . Moreover, sporadic changes in individual preferences have been shown to be related to individuals' own experiences rather than to the use of available historical data or macroeconomic developments ( Bucciol and Zarri, 2015 ; Nagel, 2011, 2016 ) . These changes have been commonly studied in relation to extreme experiences such as a natural disaster, a violent event or an economic crisis, which have been shown to be correlated to increases in risk aversion and impatience ( Guisoet al., 2013; Cameron and Shah, 2015; Cohn et al., 2015; Callen et al., 2014 ) . Individuals have also been found to be influenced more strongly by recent than distant experiences since the memory of these events vanishes over time Nagel, 2011, 2016 ) . Drastic changes in macroeconomic variables such as unemployment could then be correlated with people's subjective preferences. However, this does not hamper our empirical strategy. First, we exploit variation in unemployment across specific labour market segments rather than unemployment shocks or changes in unemployment over time. Second, the literature suggests that aggregate measures of unemployment are not expected to be correlated to individual preferences unless an individual unemployment experience occurs Notes. * p < 0.10, * * p < 0.05, * * * p < 0.01. Robust standard errors in parentheses, clustered at the age-group-by-country level. The standardised unemployment rate (at the age-group-by-country level, six years prior to the interview) is the dependent variable. Other controls include age and country-fixed effects. ( Bucciol and Zarri, 2015 ; Nagel, 2011, 2016; Hardardóttir, 2017 ) . Third, it is important to note that the exogeneity of our instrument is further reinforced by using its lagged nature, that is, aggregate unemployment rates being measured six years preceding the survey generating our main data -which means that the current and past five-year age groups are equivalent but not the same cohort of individuals 19 -and prior to the occurrence of the global financial crisis.
Although we cannot formally test for the exogeneity of the unemployment rate at the age-group-by-country level, we can provide some evidence that this instrument is orthogonal to some obvious aspects such as skill levels, job satisfaction, learning motivation, or the job's tasks six years later. Table 3 reports the results of a battery of OLS regressions with our instrument as the dependent variable and some individual and task characteristics that could influence the opportunities and motivation for informal learning as explanatory variables. These results confirm the intuition that the unemployment rate at time t − 6 does not correlate significantly with any of these observable individual characteristics, whether the explanatory variables are included all together or one by one. This suggests that our selection instrument is likely to be orthogonal to other unobservable characteristics of similar nature. In principal, we could consider including the variables in Table 3 as control variables in our main model, but we prefer to exclude them since some of them could induce further endogeneity, whereas others could capture the impact of more relevant general variables, such as the employee's occupation or learning attitude. 20 An additional argument that could question the validity of our exclusion restriction relates to the technology of skill development over the life cycle ( Cunha and Heckman, 2007 ) . If acquired skills raise both the level and productivity of subsequent learning investments in life, individuals exposed to a high level of unemployment for their age group may feel pushed to invest more in schooling, thus boosting their accumulation of human capital process over their life span. This however does not invalidate our exclusion restriction since not only individuals' years of education but also their skill levels are properly accounted for in our specification. A high level of unemployment could also lead to agetargeted training policies for the unemployed. This might again lead to sub-groups of the population with a boosted accumulation of human capital. If this would not be correctly captured by the observable characteristics included in X (e.g. skill level, occupation, industry), potential differences in human capital accumulation within age groups could pose a threat to the validity of our instrument. Table 3 partly shows that this is not likely to be the case because, as we have explained, this argument is related to individuals' own experience of unemployment and the current and past five-year age groups do not refer to the same cohort of individuals in our setting. Nonetheless, to provide more insight into this discussion, we perform some analyses using information on training participation among the unemployed individuals in our dataset. As shown in Table A1 , there does not seem to be a significant association between the contemporary (2011-2012) unemployment rates at the age-groupby-country level and the participation in (job-related) training among the unemployed individuals.
Moreover, as suggested in the literature, training programs for the unemployed in OECD countries are typically targeted on unemployment benefit recipients. Age does not usually define the main target groups and when it does, it refers to the more generic categorisation (e.g. youth, younger adults and older adults). These training programmes more often aim at a rapid reintegration to the labour market (job-search training and tackling skill deficits) instead of human capital accumulation. Studies that evaluate the effectiveness of these programs find that variation in participation is largely explained by the different institutional environments and individual characteristics and preferences, including individual unemployment duration history, educational level, fam-ily income, among others ( Heckman and Smith, 2004; OECD, 2013b; Caliendo and Schmidl, 2016 ) . Based on this discussion, we consider our selection instrument to be credibly valid.
Finally, we estimate an alternative specification in which we use the unemployment rate interacted with the OECD EPL indexes for permanent and temporary employment as selection instrument. 21 With this instrument we build on the expectation that the relation between unemployment and the probability of having a temporary contract may differ by country because of the strictness of EPL. Stricter rules applicable to permanent (temporary) employment may tend to increase (decrease) the incidence of temporary work and affect the extent to which temporary contracts are converted into permanent ones ( Booth et al., 2002; Holmlund and Storrie, 2002; OECD, 2004; Gagliarducci, 2005; Kahn, 2010; Sala et al., 2012 ) . In Table 2 we observe that, indeed, the average value of EPL applicable to permanent (temporary) employment is slightly higher (lower) for the group of temporary workers in our sample.
Empirical results
On-the-job informal learning intensity
Our main results are reported in Table 4 . The first specification gives the estimates of an ordinary OLS regression. Specifications (2) and (3) show the coefficients from standard 2SLS estimations. Specifications (4) and (5) provide the FIML results obtained from our identification strategy, that is, the endogenous SRM described in Section 3 . Panel A of Table 4 shows the linear estimates of the informal learning equation and Panel B the corresponding linear/probit estimates of the temporary contract equation. In all the regressions, standard errors are clustered at the age-group-by-country level which is the exact level of variation of the selection instrument.
The results in Table 4 provide clear evidence of a significant difference in on-the-job informal learning between temporary and permanent employees, in favour of those who have a temporary contract. Compared with the OLS estimates, the coefficients from the estimations that account for the endogeneity of temporary contracts are adjusted upwards, in line with the negative bias we expected.
As discussed in Section 3 , we consider the FIML estimates presented in columns (4) and (5) the preferred regressions. The main result of our study is the positive and significant difference in the intensity of on-thejob informal learning between workers with temporary and permanent contracts. Specifications (4) and (5) show that, once selection into the contract type is controlled for, the estimated ATE of interest increases from 0.09 to 0.22. This result implies that workers in temporary jobs invest, on average, 0.22 of a standard deviation more in on-the-job informal learning than their counterparts in permanent employment. 22 The size of this coefficient seems to be substantial if we consider that it is similar to the impact of approximately 10 years of schooling.
We consider the FIML estimates more appropriate for various reasons. First, the nonlinear prediction of selection into temporary contracts is more accurate. Whereas the linear predictions from the 2SLS first stage range from − 1.68 to 0.71 (with a mean standard error of 0.09), leaving 26% of the sample below zero, the probit probabilities from the FIML estimations range from 0.01 to 0.84 (with a mean standard error of 0.02), which provides better common support. Second, the 21 EPL for permanent employment is a weighted indicator concerning the regulations for individual and collective dismissals. EPL for temporary employment is a weighted indicator concerning regulation on the use of fixed-term and temporary agency contracts. 22 The coefficients for temporary contracts in specifications (4) and (5) are not significantly different from each other. Including the EPL measures as selection instruments has very little effect, which suggests that the country fixed effects absorb most of the explanatory power of the national differences in employment regulations.
sizes of the instrument coefficients differ significantly between the 2SLS and FIML specifications. In column (4), for instance, an increase of one standard deviation in the unemployment rate, on average, increases the probability of being in a temporary contract by 1.5 percentage points. In column (2), the same effect predicted by the 2SLS is 4.8 percentage points, three times bigger. The size of the probit marginal effect is closer to that in related research, for example, Kahn's (2010) . Third, as we observe, the 2SLS approach inflates the estimate for temporary contracts, which might be due to the less precise prediction provided in the selection equation and because the use of a continuous instrument for the temporary contract variable makes the local ATE estimation less straightforward. 23 Moreover, as we show in Section 5.4 , there is some important heterogeneity in our application, which significantly reduces the efficiency of the standard IV estimation. Fourth, we observe some implausible estimates in the 2SLS outcome equations, such as positive nonsignificant coefficients for age and tenure. Fifth, the Wald tests for specifications (4) and (5) indicate with 95% confidence that we can reject the null hypothesis of no correlation between the errors of the temporary contract and informal learning equations, so that our instrumented endogenous SRM fits well overall. The estimated correlation between the temporary contract equation errors and the outcome errors is negative ( − 0.09), indicating that unobservables that raise informal learning tend to occur with unobservables that lower temporary contract selection. This finding is coherent with our hypothesis on the unobservables mentioned in Section 3 ; for instance, people with greater ability or lower time discount rate are less likely to be selected into temporary jobs and are at the same time more likely to invest in human capital on the job ( Mincer 1997 ). Last but not least, in contrast to the FIML approach 2SLS does not provide ATEs but, instead, local ATEs, the former being more policy relevant in the context of our research question.
Concerning the admissibility of our instrument, the Wald and F-tests after nonlinear and linear first-stage estimations, respectively show that the unemployment rate, in addition to the other covariates, makes a significant contribution to the temporary contract prediction. Furthermore, the LR-tests in the models (4) and (5) confirm that the instrumented models fit the data significantly better than the constrained model that does not include any instrument.
Most of our control variables affect the dependent variable according to the expectations from human capital theory (e.g. Ben-Porath, 1967; Heckman, 1976; Killingsworth, 1982 ) . We find a quadratic relation between on-the-job informal learning and age, suggesting a minimum turning point of investments at the end of employees' working life. 24 Years of education are positively correlated with learning in the workplace, although overeducated employees tend to invest less in informal learning than workers in a well-matched job, while undereducated employees invest more. 25 There is also a positive relation between informal learning intensity and learning attitude and working hours and a negative relation with tenure and the numeracy skills score. We also find that informal learning tends to be significantly higher for individuals employed in high-skilled occupations and larger firms.
As discussed in the introduction, our main finding could be rationalised by several mechanisms. Even though we cannot test all of them with our data, in Sections 5.3 and 5.4 , we present additional results that provide further insights into these possible mechanisms. 23 Because of the continuous measures of unemployment and EPL, the local ATE is not very informative since it refers to an unidentifiable segment of the population. 24 The estimated average minimum (68 years) at which informal learning starts increasing with age is not very meaningful. However, as shown in Section 5.4.1 , this is because investments in informal learning differ by age between permanent and temporary employees. 25 Our estimations control for the fact that workers have a job at the appropriate educational level. Nonetheless, estimations that do not control for educational mismatches yield to very similar results (see Table A2 ). Notes .
* p < 0.10, * * p < 0.05, * * * p < 0.01. Robust standard errors in parentheses, clustered at the age-group-by-country level. The informal learning dependent variable is standardised. The standardised unemployment rate (at the age-group-by-country level, six years prior to the interview) is used as a selection instrument in columns (2) and (4) and columns (3) and (5) add the interaction of the latter with the corresponding standardised EPL indexes for permanent and temporary employment. All the estimations include a constant term. Other controls include dummies for occupation, industry, firm size, year of interview and country-fixed effects. The term AME denotes average marginal effects. N = 25,853.
Robustness of main results
In assessing the robustness of our main findings, the most important concern is the possible misspecification error of the contract selection Eq. (2) . The first issue we address is the sensitivity of our main estimations to different specifications of the probit model. We tested a range of models in contrast to our FIML estimates in Table 4 and present the results in the Appendix A , Table A2 .
Specifications in Panel A of Table A2 exclude the variables we included as determinants of temporary contract selection in our main estimations in Table 4 . The table shows that excluding these regressors only from the selection Eq. (2) slightly lowers the estimated ATE. However, the resulting coefficients are not significantly different from our main estimate, which suggests that our model is robust. Only when country dummies are excluded from the probit model, we observe an increase in the estimated ATE from 0.22 to 0.28. This suggests that country-fixed effects are important controls for the type of contract selection. The increase in the ATE is, however, not excessive, since the unemployment rate seems to capture these country differences in the absence of the country-fixed effects in the probit equation (the average marginal effect of the unemployment rate increases from 0.015 to 0.027).
Specifications in Panel B of Table A2 show how the main estimated coefficient of temporary contracts changes with the gradual introduction of control variables. Panel C shows the results of various alternative specifications. First, we estimate our main model including age as a categorical variable (11 dummies of five-year age groups) instead of the continuous variable. The resulting coefficient is 0.208, with a standard error of 0.046; statistically the same size and significance of our main estimates in Table 4 . Second, we include a polynomial of the second order for tenure in an alternative specification. Again, the resulting coefficients are very similar to our main results in Table 4 .
Last, we run several other sensitivity analyses of our main specification, using various restricted samples. The results are shown in Panel D of Table A2 . First, we exclude the individuals with a corresponding unemployment rate higher than 20% and 10%, as previously described in Fig. 1 . The resulting estimates are slightly lower but still the estimated ATE of interest remains significant and of similar magnitude as that of Table 4 . We also estimate our main model excluding non-European countries (i.e. Canada, Japan, and Korea). In this case, the estimate of temporary contracts rises from 0.22 to 0.28 of a standard deviation. This indicates, as expected, some heterogeneity of the effect between countries, and shows the robustness of our main result. To test for the possibility that our results are driven by a few countries, we continue with other specifications that exclude the countries with the largest shares of temporary employees, that is, Poland, Korea, Spain and Slovak Republic. Similarly, in the next robustness test, we also exclude from our sample those countries with the highest unemployment rates: Poland, Germany and Slovak Republic. Finally, we test our main model restricting the sample to prime age workers, i.e., employees in the age ranges 20-64, 25-64, and 25-54. In all cases, the estimated ATE of interest remains significant and of similar magnitude as that of Table 4 . Only the estimate from the sample of workers in ages 25-64 slightly declines from 0.22 to 0.18 of a standard deviation, which is explained later in Section 5.4.1 by the decreasing effect of temporary contracts on informal learning with age. This can be verified here by observing the results of the prime age workers (25-54) sample, which gives a significant coefficient of 0.21 of a standard deviation. It is important to note that the predicted values of remain negative in all these robustness specifications presented in Table A2 , indicating that our main results hold. The Wald tests are all significant with 95% confidence.
Informal learning and training: substitution or complementarity?
A plausible explanation for temporary workers' higher intensity of informal learning could be that, for workers with temporary contracts, on-the-job informal learning substitutes for the lack of formal training. We test for this possibility in this section.
Training incidence
In this subsection, we perform estimations to first validate in our sample the negative association of temporary contracts with training participation 26 found in various previous studies.
The results in Table 5 confirm that the temporary contract indicator in our sample yields the expected negative coefficient. The FIML results in columns (2) and (3) indicate that the probit estimation (1) is biased downwards to some extent. Once the selection into the contract types is controlled for, we find that workers in temporary jobs are, on average, 2.5 percentage points less likely to participate in training activities than those in permanent employment are. The coefficients of the covariates included in these estimations are consistent with human capital theory and findings in previous empirical literature (e.g. Booth, 1991 ; Green, 1993 ) .
The negative value of suggests that unobservables that decrease temporary contract selection probably occur with unobservables that increase training participation, as suggested in Section 3 . For the FIML 27 specifications (3) and (4), the Wald tests indicate that we can reject the null hypothesis of = 0 with 95% confidence.
Complementarity
The finding that workers with temporary contracts are less likely to participate in training but engage more intensively in informal learning raises the question of whether informal learning is a training substitute for temporary workers.
To answer this question, we first observe whether there is a difference in the informal learning intensity of employees who undertook training and those who did not. Fig. 2 illustrates this difference among temporary and permanent workers separately. This figure suggests complementarity between training and informal learning, regardless of the type of contract, since the intensity of investments in the latter is shown to be consistently larger when following training. This result holds for both temporary and permanent employees.
To test whether there is, indeed, complementarity between training and informal learning, we include training participation and its interaction with temporary contracts in our main equation for informal learning. To provide reliable results, we use an additional selection instrument to correct for the potential endogeneity of formal training in the informal learning equation. To this end, we apply the identification approach of Leuven and Oosterbeek (2008) , which suggests that having missed out on formal training opportunities for unexpected reasons is a valid approximation to a random assignment to training. This is achieved by using the information obtained through two designed survey questions. The first is whether there was any training related to work that the respondent wanted to attend but did not do so. The second asks whether this non-participation was due to some random event such as family circumstances, transient illness, or any other unexpected personal or job-related incident. As shown in Panel C of Table 6 , having Notes . * p < 0.10, * * p < 0.05, * * * p < 0.01. Robust standard errors in parentheses, clustered at the age-group-bycountry level. The training participation dependent variable is binary. The standardised unemployment rate (at the age-group-by-country level, six years prior to the interview) is used as a selection instrument in column (3) and column (4) adds the interaction of the latter with the corresponding standardised EPL indexes for permanent and temporary employment. All the estimations include a constant term and the same control variables as reported in Table 4 . The term AME denotes average marginal effects. N = 23,232.
Fig. 2.
Complementarity between training and informal learning by type of contract. 
Notes . * p < 0.10, * * p < 0.05, * * * p < 0.01. Robust standard errors in parentheses, clustered at the age-group-by-country level. The training participation dependent variable is binary. The standardised unemployment rate (at the age-group-by-country level, six years prior to the interview) is used as a selection instrument in columns (1) and (3), and columns (2) and (4) add the interaction of the latter with the corresponding standardised EPL indexes for permanent and temporary employment. The training missed independent variable is binary. All the estimations include a constant term and the same control variables as reported in Table 4 . The term AME denotes average marginal effects. N = 23,232. missed a training activity due to a random or unexpected event indeed increases the probability of training participation by approximately 6 percentage points.
Panel A of Table 6 shows that the positive relation between informal learning and job-related training holds after controlling for various individual and employer characteristics. Specifications (3) and (4) that account for the endogeneity of both temporary contracts and training participation show that, on average, participation in training activities increases informal learning by 0.74 of a standard deviation. The magnitude of this complementarity does not differ by type of contract, since the interaction term is close to zero and statistically insignificant. This finding shows that both the direction and size of the complementarity between informal learning and job-related training are equal for temporary and permanent employees, which suggests that the higher informal learning investment of temporary workers does not seem to substitute for their lack of formal training. Moreover, this result indicates that temporary workers engage more intensively in informal learning, even after controlling for training participation.
Heterogeneous effects in informal learning
To provide further insights into the possible mechanisms that could explain our main result, we analyse two types of heterogeneity: first, the heterogeneous learning investments of temporary and permanent workers that could result from observed individual and job-content characteristics, which allows us to distinguish between ATE and ATT; and, second, heterogeneous effects that could result from unobserved personal characteristics, which enable us to estimate MTEs.
Heterogeneous workers
Although temporary workers are, on average, more intensively engaged in informal learning, this could differ among workers with different characteristics. Temporary employees could, for instance, have different expectations for their career prospects. If that is the case, we might expect younger workers and those with shorter tenure to have stronger incentives to engage in informal learning when they are employed in a temporary job, since this might help them to acquire a permanent contract.
To investigate this heterogeneity, we estimate some endogenous SRM of informal learning that allow covariates to vary by contract type, as explained in Section 3 . The significant interaction results are shown in Table 7 , which indicate that when allowing for heterogeneous responses to temporary contracts, our main conclusion holds. Both the ATE and ATT remain significant and positive, the latter being of similar size to our estimation in Table 4 . These heterogeneous models of informal learning show that the coefficients of age, tenure, and working hours 28 differ by type of contract, while years of education, educational mismatches, learning attitude and numeracy skills do not. These results confirm our expectations that the rates at which informal learning decreases with age 29 and tenure are significantly greater for those with a temporary contract. This finding suggests that our main result is particularly driven by temporary employees who are younger and have lower tenure. More precisely, being a year older and having one additional year of tenure decreases informal learning by 0.026 and 0.008 of a standard deviation, respectively, in the case of temporary workers, whereas, 28 Informal learning increases with working hours only in the case of permanent workers. The number of working hours does not seem to affect the informal learning intensity of temporary employees. 29 Table 7 also shows that the coefficient of age squared is not significantly different from zero for temporary employees, suggesting that the minimum turning point of learning investments at the end of employees' working lives holds only for workers with a permanent contract. Notes . * p < 0.10, * * p < 0.05, * * * p < 0.01. Robust standard errors in parentheses, clustered at the age-group-by-country level. The informal learning dependent variable is standardised. The standardised unemployment rate (at the age-group-by-country level, six years prior to the interview) is used as a selection instrument in column (1) and column (2) adds the interaction of the latter with the corresponding standardised EPL indexes for permanent and temporary employment. All the estimations include a constant term and the same control variables as reported in Table 4 . The term AME denotes average marginal effects. N = 25,853.
for permanent employees, the decreases are 0.022 and 0.002 of a standard deviation.
As mentioned previously, the larger investments in informal learning of temporary workers are expected to be more beneficial earlier in the working career, when the workers probably have better prospects of gaining a permanent position. This suggests that the difference in informal learning investments between temporary and permanent workers ends gradually and will vanish at some age and after some years of tenure. Nonetheless, it is not just a young, early career effect. According to estimation (2) in Table 7 , the positive ATE of temporary contracts become insignificant (at the 95% confidence level) after the age of 46. Similarly, the positive ATE of temporary contracts disappear after approximately 8 years of tenure (see Fig. 3 ). This could probably be due to workers adjusting their labour mobility expectations when they feel trapped in a temporary job with no career prospects.
If workers generally have stronger preferences for permanent contracts ( Booth et al., 2002; Holmlund and Storrie, 2002 ) , it is reasonable to think that flexible workers rationally invest more in on-the-job informal learning to increase their chances of promotion to a more stable/secure job. Thus, we could expect that employees with expectations of upward mobility in the labour market are more likely to invest in informal learning. Since we cannot directly test for this mechanism with the PIAAC data, we use data from the European Skills Survey (2014) that allow us to distinguish between temporary workers with good and poor prospects of job stability, for some additional descriptive analyses.
Estimation results using data from the European Skills Survey, 30 and the application of a similar endogenous SRM that accounts for the endogeneity of selection into the type of contract, 31 indicate that full- 30 In this survey, the informal learning measure is a categorical variable derived from the following question: How often, if at all, does your job involve learning new things? The respondent's options were never, sometimes, usually, and always. We constructed a temporary contract dummy variable that takes the value one for fixed-term/temporary agency contracts and zero for indefinite/permanent contracts. We derive the dummy variable on the prospects of job stability from the following question: How likely or unlikely do you think it is that you will lose your job in the next two years? Please use a scale of from 0 to 10, where 0 means very unlikely and 10 very likely. This variable takes the value of one (for a good prospect of job stability) if the answer given was below five and zero (indicating poor prospects of job stability) if the answer given was five or above. 31 In this application, we also use the corresponding unemployment rate at the age-group-by-country level as the selection instrument. We use data for 2006, collected from the OECD Statistics website, seven years prior to the survey to avoid likely global crisis changes affecting the comparability of these results Table 7 . The dotted line shows marginal effects that are significant with 95% confidence at a minimum. 
Notes . * p < 0.10, * * p < 0.05, * * * p < 0.01. Robust standard errors in parentheses, clustered at the age-group-by-country level. Data come from the European Skills Survey, conducted in 21 European countries in 2014. The sample includes full-time workers aged 24-65 not enrolled in any formal education programme. The informal learning dependent variable is ordered in four categories (0-3). Good prospects of job stability refers to a low self-reported probability of losing the job in the next two years. Other controls include age, age square, educational level, education mismatch, tenure, working hours, learning attitude, occupation, industry, firm size and country dummies. The standardised unemployment rate for 2006 (at the age-group-by-country level, collected from the OECD statistics) is used as a selection instrument in the FIML estimations (3) and (6). The term AME denotes average marginal effects. N = 17,442.
time workers with a temporary contract particularly engage more intensively in informal learning on the job than those with a permanent contract, when the temporary contract offers opportunities for future job stability. Tables 8 and 9 show the respective results. In these data, we also observe that the likelihood of job stability perceived by employees with a temporary contract decreases with the worker's age and years of tenure with the same employer.
These analyses provide further insights into the theoretical hypothesis (e.g. Weiss, 1986 ) that expectations of transition to permanent (more stable) employment could stimulate workers to make supplementary investments in informal learning while in a temporary job as one of the with our main results derived from the PIAAC data. Since the informal learning information provided in this dataset has an ordered structure, we implemented an endogenous SRM that fits an ordered probit model for the dependent variable. For this purpose, we used the cmp program. For a detailed description of this command, see Roodman (2011) . mechanisms driving our main findings. We discuss this issue more in detail in Section 6 .
Heterogeneous jobs
Our main estimates could also differ if firms select workers into temporary versus permanent contracts because of the task content of different jobs, which could lead to heterogeneity in informal learning opportunities. For instance, it could be that high-skilled jobs or jobs that entail more task flexibility and problem-solving tasks are less likely to be selected for temporary contracts 32 and, at the same time, offer more informal learning opportunities. To test for this heterogeneity, we include different job-content characteristics and estimate heterogeneous effects in our interacted endogenous SRM.
First, we do not find any evidence that informal learning intensity differs between high-skilled and low-skilled temporary jobs, although Notes . * p < 0.10, * * p < 0.05, * * * p < 0.01. Robust standard errors in parentheses, clustered at the age-group-by-country level. This table shows average marginal effects (AMEs) computed on the FIML specification (6) of Table 8 . The dependent variable informal learning is measured by four ordinal categories as shown in the four columns. The AME for categorical variables is the discrete change from the base level. N = 17,442.
those employed in high-skilled jobs are significantly less likely to be selected into temporary contracts and simultaneously tend to engage more intensively in learning on the job. 33 Second, by using the information on task-content of jobs as provided by the PIAAC survey, we are able to test for further heterogeneity. Table 10 shows that jobs that involve greater task flexibility, and more planning, literacy-related tasks and ICT-related tasks are less likely to be filled with individuals employed on a temporary basis. The contrary occurs with jobs that more often involve physical tasks, while task collaboration and teamwork and problemsolving and numeracy-related tasks do not seem to have a significant influence in job contract type selection. At the same time, Table 10 shows that employees tend to engage more intensively in informal learning when they are employed in jobs with higher levels of task flexibility and teamwork and problem-solving, planning, numeracy-, literacy-and ICT-related tasks. Conversely, jobs with more physical-task content seem to offer fewer informal learning opportunities. More interestingly, the interaction coefficients suggest no significant differences between temporary and permanent workers regarding the above results, the only exception being the larger positive effect on informal learning that task collaboration and teamwork has for temporary employees, which suggests that interaction with peers particularly enhances on-the-job informal learning of temporary workers. When including all these tasks characteristics, we still find the positive influence of temporary contracts on informal learning.
Heterogeneous effects from unobservable characteristics (MTEs)
There are reasons to expect further unobservable heterogeneity in the informal learning outcomes of employees with a temporary contract. Since workers differ, for instance, in their ability, personality traits, and the information and expectations they have about their future career when starting a job, individuals with different unobservable characteristics could respond differently to a temporary contract. Heterogeneity could also result from variety in the quality of temporary contracts, for example, regarding the chances of these being converted into permanent contracts.
To investigate this heterogeneity, we estimate MTEs (at the mean value of all covariates in X ) along the 99 percentile points of the distribution of unobservables U D , computed on an endogenous SRM of informal learning similar to specification (5) of Table 4 but allowing different correlation parameters and variance 2 between permanent and temporary workers, as explained in Section 3 . The corresponding results are shown in Fig. 4 and Table A4 in the Appendix A . When allowing for this heterogeneity, our main findings hold. The model fits well and, in fact, the estimated ATE increases from 0.22 to 0.28 of a standard deviation in comparison with our results in Table 4 .
The MTE estimates describe whether informal learning outcomes for workers on the margin of a temporary job placement increase or de-crease with the probability of being selected into a temporary contract, p i ( Z i ), conditioned on marginal changes in the instrument. The MTEs then show if and to what extent the investments in informal learning of employees change if they are shifted into a temporary contract by marginally increasing the corresponding unemployment rate.
Following Heckman and Vytlacil (2005) , in Fig. 4 the MTEs of low U D values show the expected effects in the informal learning of workers who are more likely, due to unobserved reasons, to be selected into temporary contracts, that is, those who would be selected even if the unemployment rate was rather small. High U D values in Fig. 4 therefore represent workers with higher probabilities of being selected into a permanent contract, which means that the unemployment rate would have to be very large to induce them to be in a temporary job. The upward-sloping shape of the MTE curve in U D in Fig. 4 then indicates that the ATE of temporary contracts is higher for employees who are more likely to be selected in permanent jobs (high U D ), which means that the lower the likelihood of selection into a temporary contract, the higher the informal learning investments of workers are expected to be if they were in a temporary rather than in a permanent job. 34 This increase in the MTEs at the upper levels of U D also suggests that workers on the margin of a temporary job under the highest unemployment rates are likely to have better unobserved characteristics (such as ability and motivation) and thus would invest the most in learning on the job in comparison with their counterparts in permanent jobs. This result could be because these individuals know their odds of obtaining a more stable position, given their own characteristics, and could be more able to make informed choices of investing (or signalling) in learning to improve those possibilities. These MTE results provide more insight into the main mechanism we propose for our findings, that is, that employees in temporary contracts who have better prospects for their future career would rationally invest more in on-the-job informal learning to increase their chances of promotion to a permanent job.
Conclusions and discussion
We have analysed the difference in informal learning at work between temporary and permanent male employees across 20 OECD countries. Human capital theory predicts that both firms and employees are less willing to invest in skills if workers are hired under temporary contracts. Remarkably, we find that workers in temporary jobs engage more intensively in informal learning than permanent employees do, although the former are, indeed, less likely to participate in formal training.
We conclude that the difference in the intensity of on-the-job informal learning between workers with temporary and permanent contracts 34 The increasing MTE curve also indicates negative selection in unobserved characteristics, in line with our hypotheses in Section 3 . This negative selection is also suggested if 1 > 0 ( Cornelissen et al., 2016 ) , as shown in Table A6 in the Appendix. Notes . * p < 0.10, * * p < 0.05, * * * p < 0.01. Robust standard errors in parentheses, clustered at the agegroup-by-country level. The informal learning dependent variable is standardised. The standardised unemployment rate (at the age-group-by-country level, six years prior to the interview) is used as a selection instrument in column (1) and column (2) adds the interaction of the latter with the corresponding standardised EPL indexes for permanent and temporary employment. All the estimations include a constant term and the same control variables as reported in Table 4 . The term AME denotes average marginal effects. N = 23,069. is positive and between 0.22 and 0.28 of a standard deviation. 35 These results account for the endogeneity of the selection into temporary contracts by estimating FIML endogenous switching regression models that exploit workers' differential exposure to unemployment and employment protection legislation across countries and age groups.
Our findings could be driven by several mechanisms. Although the PIAAC data do not allow us to assess the particular mechanism behind our main results, we can discard some of the possible explanations and provide further insights on these relevant mechanisms.
First, the hypothesis that temporary workers could substitute informal learning for the lack of formal training is not supported by our analysis. Instead, we find complementarity between these two types of learning, which is consistent with the idea that human capital accumulated through training not only provides workers with higher skills but could also increase their informal learning capacity ( Rosen, 1972 ) .
Second, we do not find support for the view that high-skilled workers drive the difference in informal learning between temporary and permanent male employees. Although we find that particularly peer in-teraction enhances the intensity of informal learning among temporary employees, their difference in informal learning in comparison with permanent workers is not driven by heterogeneity in the task content of temporary jobs.
However, the higher informal learning investments of temporary employees might be driven by the incentives of finding a more stable job. If workers generally prefer permanent contracts ( Booth et al., 2002; Holmlund and Storrie, 2002 ) , it is reasonable to think that those in temporary jobs could have stronger incentives to invest in on-the-job learning to increase their chances of promotion to a more secure job. 36 In line with this hypothesis, we find that the positive influence of temporary contracts is larger earlier in workers' careers, when workers generally have better prospects of transition to permanent employment than later in their career. Additional descriptive results from the European Skills Survey that allow us to distinguish between temporary workers with and without prospects of job stability in the near future, suggest that the intensity of informal learning is likely higher for temporary workers who have better expectations of job stability. These results are consistent with our MTE analysis when using the PIAAC dataset, which shows that the expected effects in informal learning are significantly higher among workers with a temporary contract who are more likely to be selected into permanent contracts due to their unobservable characteristics. This finding suggests that those who know about their better chances of obtaining a permanent job position, given their own characteristics, are those expected to show a higher intensity of informal learning at work, which could help to improve these chances in their favour.
This analysis suggests that workers may perceive more intense learning as a profitable investment in their career development, particularly when facing the uncertainty of a temporary contract. As explained by Weiss (1986) , the possibility of shifting to a better job affects the returns to human capital and, therefore, increases the incentives for supplementary investments in learning activities while working. Furthermore, if these investments are positively affected by a lower discount rate because future perspectives become more important, incentives for selfinvestment increase and give rise to human capital accumulation until a more stable job is obtained.
Our findings could then be likely driven by the mechanism suggested in the literature on the stepping-stone effects of temporary employment. Most of these studies evoke the idea that the odds of transition from temporary to permanent jobs likely increase with investments in on-the-job learning and the improvement of skills while gaining work experience (e.g. Autor, 2001; Booth et al., 2002; Gagliarducci, 2005; De Graaf-Zijl et al., 2011; Cockx and Picchio, 2012 ) . This implies that, if human capital investments on the job decline over the lifecycle by a search for a better job, accepting a temporary job that might pay less initially but involves higher learning potential can be a good strategy for workers in their early careers, since such jobs are more likely to have a steppingstone effect ( Sicherman and Galor, 1990; Heckman et al., 2002 ) .
The implicit stepping-stone incentive of temporary jobs as a plausible explanation for our results also relates to the literature on job matching and screening. If firms use temporary contracts to select the best workers for permanent positions, human capital acquired through learning on the job becomes an important source for firms to investigate the quality of the match and productivity of potential permanent employees ( Autor, 2001; Nagypál, 2007; Faccini, 2014 ) . Temporary contracts could then also increase workers' incentives to signal positively their skills and productivity by accumulating more job-specific expertise through onthe-job learning.
Our analyses point towards a potential positive feature of temporary contracts that has important implications. Temporary jobs need not be dead-end jobs. If temporary jobs are taken by individuals in lieu of unemployment in search for further individual promotion in the labour market, these jobs could offer them opportunities for learning by doing particular tasks and productive interaction with other workers. This is important not only as a source of productive accumulation of human capital while working but also as a potential advantage for individuals who would otherwise be unemployed. Such jobs with high learning content might then be a stepping stone towards more stable employment.
The challenge of harnessing the learning potential of temporary employment also implies the reduction of the training participation penalty induced by the short duration of contracts. This penalty might not only contribute to disparities in the labour market but, as we show, could also compromise the benefits of the complementarity between formal training and informal learning. Our complementarity analysis suggests two different kinds of temporary jobs in terms of their learning opportunities: (1) good temporary jobs, with high levels of task autonomy and collaboration, more teamwork and problem-solving tasks, offering good opportunities for training and informal learning and, likely, leading to positive career expectations of upward mobility, and (2) bad temporary jobs, which have no or very few opportunities to foster workers' human capital. In the latter jobs, workers could get trapped in a cycle between precarious jobs and unemployment. Thus, our study suggests that labour segmentation occurs not only between permanent and temporary jobs but also within temporary employment due to the distinction between temporary jobs of low and high learning content.
Policy makers have already stressed the importance of finding 'an appropriate balance between flexibility and security' to prevent part of the labour force from becoming trapped in dead-end jobs (so-called flexicurity agenda, European Commission, 2007 ). Access to opportunities for workers' human capital development remains a crucial issue for many governments to create such a balance. These policies should therefore be supported by analysing how contract incentives influence workers' skill investments and their career development expectations. The design of these policies underlines the importance of improving firms' learning strategies to optimise the benefits of both training and informal learning as a means of fostering not only successful transitions and the sustainable employability of a flexible workforce but also the aggregate productive capacity of the economy in the long term. In this respect, it is important that further longitudinal research would aim to identify the causal effects of both formal training and informal learning on workers' transition from temporary to permanent jobs. Tables A3 and A4 .
Appendix A. Additional analyses
Table A1
Training participation of the unemployed.
Probit
Job-related training (1) Job-related training (2) Any type of training (3) Any type of training (4) AME AME AME AME Notes . * p < 0.10, * * p < 0.05, * * * p < 0.01. The dependent variable is the dummy of participation in training. Unemployment rate t is the standardised unemployment rate (at the age-group-by-country level, same year of the interview) is the independent variable. Other controls include age and country-fixed effects. The term AME denotes average marginal effects.
Table A2
Estimations of informal learning intensity (sensitivity tests). Notes . * p < 0.10, * * p < 0.05, * * * p < 0.01. Robust standard errors in parentheses, clustered at the age-group-by-country level. The informal learning dependent variable is standardised. The standardised unemployment rate (at the age-group-by-country level, six years prior to the interview) is used as a selection instrument in the estimations presented in column (1), whereas estimations in column (2) add the interaction of the latter with the corresponding standardised EPL indexes for permanent and temporary employment. Notes . * p < 0.10, * * p < 0.05, * * * p < 0.01. Standard errors bootstrapped with 200 replications in parentheses (each replication is a bootstrap sample of clusters at the age-groupby-country level). This table shows the average treatment effects (ATEs) for each percentile of the distribution of U_D, computed at the mean value of all covariates in a FIML specification similar to specification (5) of Table 4 that allows for different correlation parameters 1 ≠ 0 . N = 25,853.
